Abstract Tree tomato (Solanum betaceum, Solanaceae) is a neglected small tree native to the Andean region used for its edible and juicy fruits. We have elaborated a list of 39 quantitative morphological descriptors for different plant parts (plant architecture, leaf, inflorescence and flower, infructescence and fruit, and seed) and have used them to characterize 24 accessions of tree tomato from different origins corresponding to five cultivar groups: orange, orange pointed, purple, red, and red conical. Several parameters, including range, maximum/minimum value ratio, standard deviation, coefficient of variation, and broad-sense heritability, as well as analyses of variance, have been used to validate the utility of the descriptors, which have proved useful for the characterization of this crop. Significant (P \ 0.05) differences among accessions were found for the descriptors we evaluated, with the exception of three flower-size descriptors. Fruit and infructescence traits and seed number displayed the most variation and greatest heritability values. Considerable variation was found within each cultivar group for many traits. Many differences were found at the morphological level between the odd, red conical group, which includes a single accession with small fruits containing very few seeds, and all other cultivar groups. Ranges of variation among these other groups overlap for most of the descriptors studied, although the orange and red cultivar groups are the most distinct. Most of the significant correlations found among traits connect descriptors from the same part of the plant. Multivariate cluster and principal component analyses separated the tree tomato accessions into several morphologically similar groups. With the exception of single accession clusters, the rest of clusters contain accessions of several cultivar groups, reflecting considerable variation within cultivar groups, as well as (with the exception of the red conical group) a low degree of morphological differentiation among them. The descriptors we developed and the results obtained are relevant for the conservation and breeding of this promising fruit crop.
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Introduction
Tree tomato or tamarillo (Solanum betaceum Cav., syn. Cyphomandra betacea (Cav.) Sendtn., Solanaceae) is a small tree native to the Andean region of Bolivia (Bohs 1991; Bohs and Nelson 1997; Lester and Hawkes 2001) . It is cultivated in for its fleshy edible fruits, which can be consumed raw, mostly for preparing juices, processed, or cooked (Bohs 1989a; Prohens and Nuez 2000) . In the Andean region, tree tomato is locally important and has engendered great interest for both domestic and international markets, but it still remains a marginal crop (Hernández-Bermejo and León 1992) . At present, it is mainly grown on subsistence farms and is generally neglected in research and conservation programmes. Tree tomato represents an alternative crop for agricultural diversification, as well as for non-traditional commodity production and marketing, in its region of origin as well as in other countries. In this respect, it has aroused remarkable interest in New Zealand -the world's largest tree tomato producer -as a ''new crop.'' It is also a promising crop for some Mediterranean countries, including Spain and Italy (Pileri 1989; Boyes and Strübi 1997; Prohens and Nuez 2000; Prohens et al. 2004) .
Tree tomato and its relatives were formerly included in genus Cyphomandra, but were transferred to Solanum by Bohs (1995) . The taxonomy, biosystematics, phylogeny, and ethnobotany of tree tomato and its wild relatives have been extensively studied by Bohs (1989a Bohs ( , b, 1991 Bohs ( , 1994 Bohs ( , 1995 Bohs ( , 2001 Bohs ( , 2007 and co-workers (Bohs and Nelson 1997; Bohs and Olmstead 1997; Weese and Bohs 2007) . However, very little research on the diversity and characterization of genetic resources of S. betaceum has been published (Enciso-Rodríguez et al. 2010) . Similarly, very few works have been devoted to the genetic improvement of tree tomato Murray 1991a, 1992a, b) . On the other hand, studies of the chemical composition and post-harvest performance of tree tomato fruits have recently been conducted (Mwithiga et al. 2007; Mertz et al. 2009; Vasco et al. 2009 ), but we have found no attempts to characterize the morphological diversity of this species. In this respect, the establishment of cultivar groups is a keydevelopment that can enhance the utilization and conservation of genetic resources (Spooner et al. 2003) . However, there are no clear rules for classifying tree tomato accessions into established cultivar groups or for creating new groups. Although on most occasions tree tomato accessions have been grouped by fruit colour, mostly into orange, red, and purple cultivar groups (National Research Council 1989; Bohs 1994; Prohens and Nuez 2000) , for farmers, dealers, and consumers, other characteristics, such as fruit shape, are also important.
Characterization of germplasm is essential to maximize its utility (Day Rubenstein et al. 2006) and foster efficient ex situ conservation (Hammer et al. 2003; de Vicente et al. 2006) . Morphological and agronomic characterization has been widely used to assess phenotypic variation of other Solanum crops, such as tomato (Solanum lycopersicum L.), potato (Solanum tuberosum L.), eggplant (Solanum melongena L.), and pepino (Solanum muricatum Aiton) (Huamán and Spooner 2002; Rodríguez-Burruezo et al. 2002; Muñoz-Falcón et al. 2008; Kwon et al. 2009 ). The evaluation of morphological and agronomic characters can provide relevant information on yield and quality traits, as well as other information of great interest to horticulturists and breeders, such as descriptions of available variation and estimates of trait heritability. For an optimal characterization of genetic resources and for valid data comparisons among trials, it is necessary to use standard descriptors, like those developed by Bioversity International for other Solanum crops used for their fruits (e.g., IBPGR 1990; IPGRI 1996 IPGRI , 2004 . However, internationally standardized morphological descriptors do not exist for tree tomato.
We have studied morphological variation and relationships in accessions of Solanum betaceum supplied by two genebanks. Most accessions were collected from the Andean region of South America, where the species originated (Bohs 1991; Bohs and Nelson 1997) . To conduct this study, we established morphological descriptors that could serve as the basis for a future standardized tree tomato descriptor list.
Materials and methods

Plant material
Seed samples of 24 accessions of cultivated tree tomato, originally collected in six countries, were provided for this study by the genebanks of the Universidad Técnica Particular de Loja (UTPL) in Ecuador and the Universidad Politécnica de Valencia (UPV) in Spain (Table 1) . Accessions were selected to represent a diversity of morphological types and origins. On the basis of the genebanks' description of these accessions, fruit characteristics (mostly fruit apex shape, fruit color, and seed-mucilage color), and farmers' grouping of cultivars, accessions were assigned to five tentative cultivar groups: orange, orange pointed, purple, red, and red conical (National Research Council 1989; Bohs 1994; Prohens and Nuez 2000) . These five cultivar groups of tree tomato are considered as different by the farmers and dealers. Some of the cultivar groups studied, like the orange pointed, are very frequent and contain many accessions, while others like the red conical are hardly found in commercial plantations and markets, and consist of a single accession.
Plant cultivation
Seeds were sown in plastic bags containing a 3:2:1 mixture of organic soil:sand:earthworm humus and seedlings transplanted in October 2007 (40-50 days after germination) to a UTPL field plot located in Loja, Ecuador (4°0 0 1.59 00 S and 79°10 0 48.46 00 W) at 2,160 m asl. The area corresponds to the low dry montane forest (bs-MB) formation (Holdridge 1967) , with 15.4°C mean annual temperature and mean 
Data analysis
For each descriptor, we calculated the following parameters: mean, maximum value, minimum value, range, maximum value/minimum value ratio, standard deviation (SD), coefficient of variation (CV) and broad-sense heritability (H 2 ) (Dabholkar 1992) . Data were also subjected to analysis of variance (ANOVA) tests and, where significant (P \ 0.05) differences were observed among accessions, means were separated by the Student-Newman-Keuls multiple range test. Pearson linear coefficients of correlation (r) were calculated from non-parametric regression analyses between pairs of descriptors, and significance of correlations was evaluated with the Bonferroni test (Hochberg 1988) . A Euclidean distance matrix based on standarized data was computed for clustering analysis by using the UPGMA (Unweighted Pair Group Method with Arithmetic Mean) method (Sneath and Sokal 1973; Mohammadi and Prassana 2003) . Goodness of fit of the resulting dendrogram was evaluated with the cophenetic correlation coefficient by using the Mantel (1967) 
Results
Descriptors development
As described above, we developed 39 quantitative descriptors for tree tomato ( Table 2) . Measurements of most of these descriptors can be done directly in the field with appropriate equipment, although for some flower, fruit, and seed descriptors it is necessary to bring samples to the laboratory. Also, certain leaf descriptors can be more easily measured in the laboratory by using image-processing tools, like the UTHSCSA Image Tool (University of Texas Health Science Center, San Antonio, Texas, USA) software, which was used to take leaf size measurements using scanned images. In total, we evaluated four descriptors for plant architecture (C1-C4), thirteen descriptors for leaves (C5-C17) ( Fig. 1 ), eight descriptors for inflorescences and flowers (C18-C25), eleven descriptors for infructescences and fruits (C26-C36), and three descriptors (C37-C39) for seeds (Table 2) . For all descriptors developed, measurements were easy to obtain and readily taken by technical staff trained in genetic resource management.
Descriptors validation
Values for the different parameters we studied are presented in Table 3 . Considerable differences were found for the maximum and minimum values for many descriptors, which resulted in wide variation among accessions. The fact that stem leaves and crown leaves present considerable morphological differences in our measurement data (Table 3) justifies having different descriptors for both types of leaves.
The highest maximum value/minimum value ratios (i.e., those with higher relative ranges of variation) included the number of seeds per fruit (C39) with a ratio of 112.40, resulting from a range of variation from 3.4 to 382.2; the number of fruits per plant (C26) with a ratio of 8.76, and values ranging from 18.3 to 160.0; and the number of fruits per infructescence (C28) with a ratio of 7.64 and Fig. 1 Descriptors evaluated in tree tomato leaves and fruits. For stem and crown leaves the descriptors considered were: central nerve length (C5 and C11), leaf lobules length (C6 and C12), leaf width at the petiole insertion (C7 and C13), leaf maximum width (C8 and C14), leaf distance of the maximum width point (C9 and C15), and leaf apex angle (C10 and C16); additionally, for crown leaves, the leaf petiole length (C17) was evaluated. For fruits the descriptors considered were: fruit length (C29), fruit maximum width distance (C30), fruit pedicel length (C31), fruit width (C32), and fruit apex angle (C33) Variation in the accessions studied ANOVA analyses revealed significant (P \ 0.05) differences among accessions for all descriptors used, except for three related to flower size: petal length (C21), petal width (C22), and corolla diameter (C23) (Electronic Supplementary Material). Some of the most relevant differences found among accessions from the breeder's point of view are described below.
For plant architecture, the most relevant differences correspond to a difference of up to 47.1 cm in stem length (C1; 116.3 cm in accession A36 vs. 163.4 cm in A29) and of 81.5 cm in crown diameter (C4; 77.5 cm in A40 and 159.0 cm in A20) (Table 3 and Electronic Supplementary Material). The number of fruits per plant (C26) varied considerably among accessions, with a mean of 40.5 fruits per plant. The lowest number of fruits per plant was found in accessions A27 (18.3), A21 (20.3), and A20 (20.5), while accessions with the highest number of fruits per plant were A41 (160.0), A34 (60.7), and A35 (55.6) (Electronic Supplementary Material). The number of fruits per infructescence (C28) ranged between 2.11 (A23) and 16.11 (A41) ( Table 3 and Electronic Supplementary Material), although it is worth mentioning that the accession with the second-highest number of fruits per infructescence (A36) had many fewer fruits (4.29) than did A41. Regarding fruit length (C29) and width (C32), the lowest values were observed in accession A41 (3.98 cm for C29 and 3.74 cm for C32), while the highest ones occurred in A21 (7.92 cm for C29 and 5.97 cm for C32). Fruit weight (C34) had a mean value of 92.6 g, with a wide variation among accessions, from 30.5 g for A41 to 154.2 g for A21; in this respect, five other accessions (A32, A33, A34, A35, and A36) had a mean fruit weight \ 65 g, and five others (A18, A20, A25, A26, and A27) had a mean fruit weight [ 125 g. Regarding the number of seeds per fruit (C39), accession A41 was characterized by a very low value, with only 3.4 seeds per fruit; when considering the remaining accessions, it varied between 124.5 for A34 and 382.2 for A21 (Table 3 and Electronic Supplementary Material).
Differences among cultivar groups
When considering the cultivar groups established, for most descriptors the value of the single accession of the red conical group did not overlap with the ranges of variation of any of the other groups, which indicates that this accession presents many morphological differences with respect to the rest of materials studied (Table 4 and Electronic Supplementary Material). In this respect, this single-accession group is characterized by a comparatively taller and thicker stem, shorter inflorescences and smaller flowers, and infructescences with a high number of small fruits, which have very few seeds. But when considering the remaining cultivar groups, the ranges of variation of accessions of the orange, orange pointed, purple, and red groups overlap for many descriptors (Table 4) . The descriptors for which the ranges of variation of two or more of these cultivar groups do not overlap include internode length (C3), stem leaf central nerve length (C5), number of fruits per plant (C26), number of infructescences per plant (C27), number of fruits per infructescence (C28), fruit length (C29), fruit maximum width distance (C30) fruit width (C32), fruit apex angle (C33), fruit weight (C34), fruit length/width ratio (C35), fruit length/maximum width distance ratio (C36), and number of seeds per fruit (C39) ( Table 4) . In all cases, the ranges of variation of the orange and red cultivar groups do not overlap, with the orange group having greater internode length (C3), stem leaf central nerve length (C5), number of fruits per plant (C26), number of infructescences per plant (C27), number of fruits per infructescence (C28), and fruit apex angle (C33), and lower fruit length (C29), fruit maximum width distance (C30), fruit width (C32), fruit weight (C34), fruit length/ width ratio (C35), fruit length/maximum width distance ratio (C36), and number of seeds per fruit (C39). Also, accessions of the orange pointed group have a smaller fruit apex angle (C33) than do the orange, red, or purple groups, and the red group also has a lower value than does the purple group for this descriptor (Table 4) . Finally, the accessions of the purple cultivar group have lower values than do the red group for the fruit length/width ratio (C35).
Correlations among descriptors
Thirty-two out of 741 correlations between descriptors were significant (r C 0.78) according to the Bonferroni significance test at P B 0.05 (Table 5 and Electronic Supplementary Material). Most of these correlations (27) corresponded to descriptors from the same part of the plant, although, for the case of plant architecture, no significant correlations were found among these descriptors. We found four significant correlations between stem-leaf descriptors, and 11 between crown-leaf descriptors. All these significant correlations were positive and corresponded to leafsize related descriptors as well as some size-related descriptors and the leaf apex angle (C10 for stem leaves and C16 for crown leaves). However, remarkably, no significant correlations were detected between any of the stem-leaf descriptors and crown-leaf descriptors (Table 5) . For inflorescence and flower descriptors, only two significant positive correlations were found, namely, between inflorescence length (C18) and inflorescence peduncle length (C19) and between petal length (C21) and corolla diameter (C23). For infructescence and fruit descriptors, we found nine significant correlations, of which seven were positive and two negative (Table 5 ). The positive correlations were those between fruits per plant (C26) and fruits per infructescence (C28), as well as six correlations involving four descriptors related to fruit size: fruit length (C29), fruit maximum width distance (C30), fruit diameter (C32) and fruit weight (C34); while the two negative ones were between number of fruits per plant (C26) and fruit length (C29) and between C26 and fruit maximum width distance (C30). For seed descriptors, the only significant correlation was found between seed length (C37) and width (C38). Finally, the five significant correlations involving descriptors from different groups involved negative correlations between stem leaf lobule length (C6) and fruit length/width ratio (C35) and between inflorescence length (C18) and number of fruits per infructescence (C28), and three positive correlations between number of seeds per fruit (C39) and three fruit-size descriptors, namely, fruit length (C29), diameter (C32) and weight (C34) ( Table 5) .
Multivariate analyses
The cophenetic correlation coefficient of the phenogram obtained from 39 descriptors has a value of 0.86. The two basal branches (clusters 1 and 2) of the phenogram separate accession A41 from the rest of accessions (Fig. 2) . The latter accession presents the highest or lowest value from all accessions for 23 out of 39 descriptors studied, in particular for those related to infructescence, fruit and seeds (Table 4 and Electronic Supplementary Material). At the next level, two other branches (clusters 2.1 and 2.2) are distinguished; cluster 2.1 includes accessions A35, A36 and A37, which are characterized by low values for fruit-size descriptors, and cluster 2.2 the 20 remaining accessions. This latter cluster presents three subclusters (2.2.1, 2.2.2, and 2.2.3), of which 2.2.1 includes a single accession (A27), with the lowest number of fruits per plant (C26) and fewinfructescences per plant (C27), as well as few fruits per infructescence (C28); 2.2.2 includes eight accessions with high values for fruit-size descriptors; and 2.2.3 includes 11 accessions characterized by sharing intermediate values for fruit-size descriptors (Fig. 2) . With the exception of the red conical group, which contains the single accession A41, no clear-cut grouping of accessions from different cultivar groups can be observed in the phenogram. However, it is worth mentioning that cluster 2.1 does not contain any accessions of the orange or red groups, and that subcluster 2.2.3 does not contain any member of the red group, while most of the orange pointed accessions are included in it (Fig. 2) . Table 5 Pearson linear correlation coefficients between descriptors studied (C codes; see Table 2 for full description) and for which at least one correlation was significant (values in bold) according to the Bonferroni test (P B 0.05; r C 0.78) Horizontal and vertical lines separate correlations corresponding to descriptors from the same part of the plant (above) from those corresponding to correlations between descriptors from different parts of the plant (below)
The first and second components of the PCA accounted for 25.33 and 22.08% of the total variation, respectively. The first component was positively correlated with fruit size (C29, C32, and C34), rounded fruit shape (C30 and C33), number of seeds per fruit (C39), crown leaf size (C12, C13, C14, and C15), as well as with other descriptors, like stem leaf apex angle (C10) and petal width (C22), and negatively correlated with descriptors related to number of fruits and of infructescences (C26, C27, and C28), elongated fruit shape (C35), as well as to others, like stem leaf central nerve length (C5), style length (C25) and crown diameter (C4) (Fig. 3) . The second component was positively correlated with the number of fruits (C26) and infructescences per plant (C28), stem diameter (C2), seed length (C37), fruit length/ maximum width distance ratio (C36, which indicates a conical shape), crown leaf apex angle (C16), as well as to some crown leaf size descriptors (C12, C13, C14, C15, and C17), and negatively correlated to inflorescence and flower size descriptors (C18, C19, C20, C21, C23, C24, and C25), and to fruit size descriptors (C29, C31, C32, and C34), elongated fruit shape (C30 and C35), as well as to the number of seeds per fruit (C39) (Fig. 3) . The projection of the accessions on a two-dimensional PCA plot (Fig. 4 Fig. 3 Relationships between the descriptors developed (see Table 2 ) resulting from the characterization of 24 accessions of tree tomato based on the two-first components of PCA (25.33 and 22.08% of the total variation, respectively). Different parts of the plant are represented by different symbols: plant architecture (slash symbol), leaf (multi symbol), inflorescence and flower (minus sign), infructescence and fruit (plus sign), and seed (asterisk symbol) gives a distribution congruent with that obtained in the cluster analysis (Fig. 2) . In this respect, the second component clearly separated accession A41 (cluster 1 in the phenogram), with high positive values for this component, from the rest of accessions (cluster 2). On the other hand, the first component separated accessions A35, A36, and A37 (cluster 2.1), which have low values for this first component, from the remainding accessions (cluster 2.2) (Fig. 4) . Furthermore, within cluster 2.2, the accessions corresponding to subclusters 2.2.1, 2.2.2, and 2.2.3 are not intermingled, with accessions from subcluster 2.2.2 having higher values for the first component than those of subclusters 2.2.1 and 2.2.3. Regarding these latter subclusters, the single accession subcluster 2.2.1 is situated very close to subcluster 2.2.2, although it has a lower value for component 2 than do accessions of subcluster 2.2.3. As occurred with the cluster analysis, accessions of the different groups, with the exception of the red conical group accession A41, are intermingled in the PCA analysis, although all accessions of the orange and red groups plot in the same part of the graph, with high values for component 1 and low for component 2 (Fig. 4) .
Discussion
Tree tomato is a neglected Andean crop considered as one of the ''Lost Crops of the Incas'' (National Research Council 1989) . Its genetic and phenotypic diversity and genetic resources have been barely studied, with no list of standard descriptors. To our knowledge, no reports exist on relationships among different cultivar groups or on the development of morphological descriptors for tree tomato characterization. In this respect, our work represents the first contribution to studying the diversity and relationships of cultivar groups of tree tomato, including a representation of the diversity of accessions, mostly from the Andean region, which is the center of origin of tree tomato (Bohs 1991; Bohs and Nelson 1997) .
Descriptors development
Thirty-nine descriptors, focused on five groups of characters organized by plant part (plant architecture, leaf, inflorescence and flower, infructescence and fruit, and seed) have been used to describe morphological variation in this crop. The study of variation parameters for these descriptors has allowed us to identify those for which more variation exists in the germplasm, and which might potentially be more useful for the description and study of variation of tree tomato collections. In particular, heritability estimates are useful parameters for the management of genetic resources, as well as for selection and breeding programs (Nyquist 1991; Holland et al. 2003) . When feasible, primary characterization descriptors should have high heritability values (Dudley and Moll 1969; Nyquist 1991) , which allow greater selection efficiency (Wricke and Weber 1986;  (Table 2 ) among the 24 accessions of tree tomato based on the two-first components of PCA (25.33 and 22.08% of the total variation, respectively) and grouping of the accessions according to the clusters considered in Fig. 1 Dabholkar 1992) . Here, we found that the highest values for heritability were for infructescence, fruit, and seed traits. These traits are of particular interest for primary characterization, given that these are also economically important parts of the plant for commercial production.
Variation for the traits studied
We have found considerable diversity for most of the traits studied. For most of these traits, ranges of variation of five provisional cultivar groups (with the exception of the odd, red conical group) overlapped. The characters for which tree-tomato cultivar groups are typically distinguished, mostly fruit colour and shape, have been found to be controlled by a few major genes or QTLs in other solanaceous crops (Nunome et al. 2001; Zygier et al. 2005; Brewer et al. 2007 ). This may suggest that a similar situation occurs in tree tomato, as a monogenic or oligogenic control of these traits could facilitate their introgression into different genetic backgrounds and, thus, could explain the lack of morphological differentiation for most traits among cultivar groups.
Plant architecture traits are of interest for the establishment and management of crop plantations (Fischer 2000; Roos et al. 2005; Turnbull 2005) . In this respect, we found important differences among accessions, although few differences among cultivar groups, except that the red conical group (accession A41) has a wider stem diameter than does any other cultivar group. Stem and crown leaves have shown important differences in size and shape. Stem leaves are present in juvenile plants and abscise as the plant develops, while crown leaves have a higher density in the crown and are measured when the plant has reached a more advanced developmental stage. Although important differences have been found among accessions for leaf traits, few differences have been observed among cultivar groups. Variation parameters for leaf traits have had low values, suggesting that these traits, which very likely have not been subjected to artificial selection, have undergone few changes during the domestication process (Zohary and Spiegel-Roy 1975) .
Inflorescence and flower traits are critical for reproductive success and, although some variation was found for these traits, the scale was small. In the case of flower size, no differences were found among accessions, suggesting that the shape and size of flower organs are highly conserved in this species, a characteristic probably associated with insect-mediated pollination and possible indication that there has been selection pressure to maintain these traits during domestication (Pringle and Murray 1991b; Bernhardt 1996; Lewis and Considine 1999; Tcherkez 2004) .
For most infructescence and fruit traits, important variation was found among accessions, and values for variation parameters were high, as might be expected for the organ/s for which a crop has been domesticated (Zohary and Spiegel-Roy 1975) . For example, high diversity in fruit traits has been observed in other Solanum crops domesticated for their fruits, such as tomato, eggplant, and pepino (Anderson et al. 1996; Prohens et al. 2005; Ranc et al. 2008) . This same phenomenon is also evident in other solanaceous crops domesticated for other parts of the plant. For example, potato tubers (Huamán and Spooner 2002) and tobacco leaves (Wernsman and Rufty 1987 ) display a wide diversity of sizes, shapes and colours.
Fruit size traits, which are of great commercial interest, were highly variable, with differences among accessions of [59 in fruit weight. Also, important differences were found within the five cultivar groups. The red conical group had much smaller fruits than did the rest of cultivar groups, but this was compensated by a higher number of fruits per infructescence and plant and less seedy fruits. Some accessions, in particular A-21 and A-25 (purple group), A-20 (orange pointed), and A-18 (red), which have had the largest fruits (averages of 154, 132, 139 and 130 g/fruit, respectively) might be of interest for large-scale cultivation, as the commercial market demands large fruits (Jackson and Looney 1999; Prohens and Nuez 2000) . The fact that there are large-fruited accessions of various shapes in different cultivar groups may favour diversification in the marketing of tree tomato. It is also of interest to point out that the heaviest fruits obtained in our trial exceed those reported by other authors (El-Zeftawi et al. 1988; Pringle and Murray 1991a; Romero-Rodríguez et al. 1994; Prohens et al. 1996) , suggesting that some of the accessions we evaluated may be of special interest for marketing.
The red conical group, represented by the single accession A-41, presented many differences, in particular for infructescence and fruit and seed traits with respect to the rest of cultivar groups. These differences are basically caused by a small fruit, a high number of fruits per plant and infructescence, a different fruit shape, and small number of seeds per fruit. Given its small size, it might be considered as a primitive or semi-domesticated accession; however, the small number of seeds per fruit of this accession seems to rule out this hypothesis, as wild Solanum relatives have a high number of seeds per fruit (Bohs 2001) . Accession A-41 might represent an intermediate step between normal non-parthenocarpic accessions and parthenocarpic accessions, which to our knowledge have not been described in cultivated tree tomato. In other Solanum crops, including tomato, pepper, eggplant, and pepino, types with few seeds or parthenocarpy, of high agronomic interest, have been described (Ikeda et al. 1999; Prohens et al. 1998; Gorguet et al. 2005) . Alternatively, accession A-41 might be an aneuploid, polyploidy, or another cytologically abnormal type with reduced fertility (Pringle and Murray 1992a, b) .
Although traits related to seed size had relatively little variation and no differences were found among cultivar groups, some differences were observed among accessions. In this respect, although small seed size would be desirable for consumption, modifications in seed size may induce changes in viability, since small seeds usually have a lower germination percentage (Silvertown 1981) , and this might partially explain the reduced variation for this trait. Also, a low number of seeds per fruit is desirable for consumption, and this occurs in other solanaceous crops, but a high number of seeds favours the formation of larger fruits, due to the influence of changes in plant growth regulators induced by the presence of seeds (Fos et al. 2000) . This may result in a balancing of selective forces.
Correlations among descriptors
Most of the significant correlations among traits corresponded to those from the same plant part, mostly to traits measuring different characteristics of a single organ. For example, we found significant correlations among size-related traits of leaves and of fruits. This provides evidence of a shared genetic control or of the pleiotropic effect of one or a few genes that affect the organ size (Cooper et al. 2002; Sulmon et al. 2006) . On the other hand, very few significant correlations were found among traits from different plant parts, suggesting that different genetic mechanisms control these developmental pathways. Comparative gene-expression studies among different organs in a number of species have shown that there are many differences among organs in the qualitative and quantitative gene expression (Schmid et al. 2005) , which might explain these low correlation values. In fact, most of the correlations from the different plant parts corresponded to correlations between fruit and seed traits, which are known to be interrelated in many taxa.
Multivariate analysis
The cluster and PCA analysis results are congruent and clearly separate the morphologically distinct accession A-41 from other accessions. Accessions clustered mostly on the basis of fruit size and shape, as well as for the number of infructescences and fruits. Accessions from several cultivar groups (and countries) are scattered in the phenogram and PCA graph, and the resulting clusters or subclusters with two or more accessions include accessions from different cultivar groups. This indicates that, in some cases, there is more morphological similarity between accessions of different cultivar groups or countries than between accessions of the same cultivar group or country. This is probably caused by the fact that our initial classification of cultivar groups was made by considering only a few traits (fruit colour and shape), failing to account for other traits that significantly affect the plant morphology. The lack of grouping of accessions from different countries reflects a lack of regional differentiation, which is probably caused by the human-mediated transport and seed exchange from different countries, but also may be a function of small sample sizes for certain countries. Further research involving molecular studies may help in clarifying this issue.
